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ABSTRACT
The purpose of this study is to determine if there is a proper
press sequence for a specific set of process inks on a specified type
of paper. In the past, the literature on this subject has been of a
qualitative and generalized nature. This study attempts to put the
matter on a quantative basis under strict controls.
A standard set of process proofing inks for web offset are chosen
to be printed onto a coated type of offset paper by an IGT Printability
Tester. Various techniques are devised for printing solid strips of
the inks with minimus, density variation across each strip and from
strip to strip.
The density range of each ink is found by employing various tech
niques devised by the manufacturer of the IGT, and by using mathematical
formulas. The density of each ink is plotted against its ink quantity,
as read by each of three filters on a densitometer: Green, Yellow and
Blue. The GATF formulas for determining the color characteristics of
process inks are then employed.
The results are tables for each ink showing the theoretical den
sity of each filter reading at specified ink quantities, with the GATF
Hue Error, Grayness and Efficiency factors included for those ink quant
ities. These tables allow for the predicted result of any overprints
at specified ink quantities by adding the density of each filter read-
2 
ing at the desired ink quantity of each ink. In order to be as accurate 
as possible, a special technique is devised to read both single and 
overprint densities of ink films printed on the IGT. 
Overprints are made using an IGT Printability Tester, and a densi--
tometer to compare actual to predicted values. Under controlled trap-
w 
ping, all conditions are kept constant, but the sequence is reversed. 
The sequence that comes the closest to the predicted values is the 
preferred sequence. This is found to be: Cyan, Magenta and Yellow. 
Although a preferred color sequence does e~st for the set of inks 
used in this study, it is pointed out that a change in this sequence may 
help the overall result in certain cases. 
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CHAPTER I
INTRODUCTION
The demand for four color process printing is ever increasing.
The selection of the color sequence has hesrx examined with conflicting
views. A survey of the literature available makes it apparent that
there can be no hard and fast rules for color sequence since too many
variables are present; type of press, substrate, type of job and ink
make definite rules impossible. Problems vary from one print shop
to another and ultimately the choice of sequence is often influenced
by personal choice.
The sequence largely adhered to in the early days of process work
was yellow, magenta, cyan and black. This was mainly due to the fact
that only opaque yellow pigments were available. Today, transparent
yellows are available, thereby making any laydown sequence possible.
Many printers still run yellow first, while many others claim they get
best results when yellow is run in the last position.
Most sources suggest generalized guide lines based on qualitative
considerations for color sequence. They indicate that changes in
sequence., from job to job may be necessary in order to enhance the
overall effect. Since there are no hard and fast rules for ths proper
sequence of a particular job, the printer is largely left with relying
on experience and guess work.
The basic question remains : Is there a preferred sequence for a
given set of process inks, and what effect will changes in this se
quence have in terms of color matching?
CHAPTER II
LITERATURE REVIEW
The literature indicates that good color fidelity when using pro
cess inks depends primarily on: color sequence, ink film thiclmess
and ink tack.
Color Sequence: When inks are printed one on top of the other,
the top ink will dictate the overall hue characteristic. For example,
a green produces best if yellow prints over the cyan rather than cyan
over the yellow.
Ink Film Thickness: The amount of coverage for each ink could in
hibit trapping. Trapping is the adhesion of printing inks, one over
the other, in wet printing. An ink film must set before another will
trap successfully upon it. A heavy ink film on the surface of paper
reduces the capillary attraction of the paper fibers for ink. This
causes a superimposed ink film to spread upon contact with a heavy ink
film.2
A simple explanation of this might be that the yellow normally
carries the most ink and could result in a problem in trapping a light
film over a relatively heavy one, specifically in trapping reds and
blues over
yellow.-5
Ink Tack: The control of tack is regarded as the most important
factor leading to good trapping. Each ink must successively decrease
in tack in order to acheive proper laydown of
colors.^
Tack is a measurement of the resistance to splitting of an ink
film between two separating surfaces; pull or stickiness.
5
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CHAPTER III
THEORETICAL BASES
Inks may be either opaque or transparent. A colored transparent
ink film modifies light passing through it by absorbing light of cer
tain wavelengths, while reflecting others.
When colored transparent ink films are overlapped, as in process
printing, they produce intermediate colors because each film layer
allows light, although altered, to pass through it. Theoretically,
perfect process inks capable of reproducing most of the other colors
of the spectrum are:
Cyan: Absorbs all red and reflects blue and green.
Magenta: Absorbs all green and reflects blue and red.
Yellow: Absorbs all blue and reflects green and red.
Unfortunately, there are no perfect process inks. This coupled
with the fact that the paper involved influences the color reflected,
creates many problems in predicting final results.
Since magenta and cyan both reflect blue, while absorbing green
and red respectively, their combination will produce blue. In the same
way magenta and yellow produce red, while yellow and cyan will produce
green.
The relative amount of each ink dictates the final result. For
example, if a larger amount of yellow is used in relation to cyan, the
resulting green will look yellower and lighter than if equal amounts
of each ink are combined.
In any discussion of color, three important terms must be under
stood: Hue, Value, and Saturation,
HUE: The characteristic of color such as red, yellow, green, etc.,
as measured by its dominant wave length.
VALUE: The lightness or darkness of a color as measured against
a scale running from white to black. Hence, we have light blues and
dark blues.
SATURATION or CHROMA: A hue's freedom from gray, its purity or
cleanliness is another way of describing it. It's a measure of the in
tensity of a color, such as pure blue as distinct from grayish blue.
According to The LTF Color Chart, the range of colors that any
set of process inks can produce can be calculated. These Calculations
are based on reflection densitometer readings of the individual solid
colors using filters over the densitometer aperature.
Four factors describe the most important working characteristics
of a set of process inks. These are: Strength, Hue, Grayness, and
Efficiency.
To compare the strength of different inks, compare the highest of
their three filtered density readings. For example, since a yellow
process ink will reflect red and green, a blue filter over the aperature
of a densitometer will transmit the red and green, while absorbing any
blue present. The blue filter will therefore cause the densitometer to
measure the density of the yellow ink, which is actually the measure of
the relative intensity of the light that is being transmitted through
the filter. The heavier the. ink film thickness, the greater is the
density value of ink strength.
8
The hue of a color is determined by the colors of light that it
absorbs and reflects. Perfect process inks would absorb one third of
the spectrum and reflect two thirds. The hue error of a color is
determined by the extent to which the colors it reflects are not per
fectly balanced. The ink hue number expresses this error as a per
centage. A magenta with zero hue error reflects red and blue equally.
If it had a 100 percent error toward the red, it would reflect red and
no blue.
The hue error of a color can, therefore, be determined by mea
suring the amount of red, green, and blue light it reflects. The low,
middle, and high filter readings of a densitometer are equated as fol
lows:
kJA U
Hue Error = H - L
The purity of a process color is judged by its freedom from gray.
The equation to calculate grayness or saturation is:
Low Density Reading
Grayness = High Density Reading
The lower the percentage grayness of a process color, the higher
its purity. The grayness of an individual color will affect the
grayness of color mixtures in which it is used.
A perfect process ink should absorb one third of the spectrum
and reflect two thirds of it. How well it does this is a measure of
its efficiency. A process inlets efficiency goes down in proportion to
the amount of light that it should reflect but which it absorbs.
The efficiency of a process color can be rated from the percent
age ratio of its incorrect light absorption to its correct light ab
sorption. The equation is:
Efficiency
- 1 - ~~
The higher a process ink' s efficiency number, the greater the
range of pure colors it will produce with other process inks.
10
FOOTNOTES FOR CHAPTER III





If it can be found to what extent sequence affects color, the
printer will have a tool to help him determine the proper color se
quence prior to press operation.
Since narrow goals are more obtainable than broad ones, the scope
of this study will be as narrow as possible. Therefore, one set of
process inks will be tested on one type of paper. If the results of
this study indicate that there is a proper sequence for the ink and
paper of this studyj then an individual printer could test his inks
on his paper, and find the sequence required for a particular job.
Hypothesis
Determine whether the effects of color sequence, in terms of hue
and saturation for a specific set of process inks, can be determined




A specific set of process ink consisting of yellow, cyan and ma
genta will be printed onto a specified paper. Since black ink shows
no basic property changes in mixing with colored inks, except where neu
tral gray of black tones are required, it will be excluded from this
study.
A specific ink film of each color will be applied to the paper by
an IGT Printability Tester. Ink film thickness is a function of the
amount of ink deposited on the paper surface. The amount of ink used
for each print can be measured by an IGT Ink Pipette accurate to
.01 cm3, which is used to ink the rollers of the tester. By using the
Ink Pipette, the amount of ink deposited onto the rollers will be known,
and the amount of ink can be varied and measured for individual prints.
The density of each print can be read and plotted against the
amount of ink used for that print. The end: result will be a curve of
densities plotted against varying amounts of ink. Once the density
curves for each ink are determined, subsequent prints can be read on a
densitometer to find the ink film thickness.
The color characteristics of each ink can be calculated at spec
ified ink film thicknesses by using the GATF strength, hue, grayness,
and efficiency factors. These factors can also be used to describe the
range of colors that the set of process inks can produce.
Once the color characteristics for each ink are known, the result
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of overprinting one ink on top of another can be predicted. The method
of deriving this is to take the density readings of each color using
the red, green, and blue filters. The same filter readings for each
ink are added together, the resultant sum is the predicted density
values when the two inks are overprinted.
For example, suppose a yellow and cyan are to be overprinted.
The separate yellow and cyan densities as measured by the three filters
might be:
Red Filter Green Filter Blue Filter
Yellow Ink .04 TE5
"
T75
Cyan Ink 1.42 .50 .21
The predicted values of the overprint are red filter = 1.46;
green filter = .60; blue filter
= 1.29.
The overprints of any two colors can be predicted relative to
their ink film thickness, since the density curves for each ink have
been determined.
Various combinations of two different colored inks will be print
ed on the IGT in such a way that density readings can be taken from
each individual ink and their combination. A second print will be
made using the same ink film thickness for each ink, but in a different
sequence. The first print might be made with cyan on top of yellow,
while the second print would be yellow on top of cyan.
The sttm of the individual filter readings can be compared to the
actual filter readings of the overprints. If a change- of sequence
affects color mixing, one version will be closer to predicted values
than the other. In this way all combinations of the three inks can be
tested to determine the proper sequence.
14
FOOTNOTES FOR CHAPTER V
n?,L, Cox, "The GATF Color
Diagrams," GATF Research Progress,
81 '(September, 1969J7 p7T>.
15
CHAPTER VI
EVAUJATION OF THE IGT PRINTABILITY TESTER
The first step of this study is to see if a technique can be dev
eloped to lay down an ink film onto a paper surface, and to predict
the resulting density within an acceptable range.
The IGT Printability Tester should be suitable for this, since it
allows for transferring a measured ink quantity- at a known printing
pressure onto paper. The first question to be answered is, how re-
peatable is the IGT?
Using the same ink, paper and printing pressure on the IGT, a ser
ies of six tests are run. Prints are pulled using
.3cm--
of magenta
ink at 30 kilograms of pressure. The procedure is to ink the IGT Ink
ing Device, and allow the ink to distribute for eight minutes before
pulling a print, after which the entire unit is washed up. This pro
cedure is repeated five times.
A print produced on the IGT is 20cm long. There is a density
variation along the length of the strip. The results of the six tests
for repeatability are as follows:
Table 1* IGT Repeatability.
Beginning of Middle of End of
Strip Density Strip Density Strip Density
Test number 1 1.29 1.30
' "~
Test number 2 1.42 1.36 1.36
Test number 3 1.47 1.42 1.42
Test number 4 1.39 1.36 1.35
16
"Table 1 (continued)."
Beginning of Middle of End of
Strip Density Strip Density Strip Density
Test number 5 1.46 1.43 1.36
Test number 6 1.47 1.44 1.40
The average density across each strip for the six tests is 1.39,
which is the same as the average of the six strips if the middle of the
strip readings only, are averaged. It was therefore decided to take
readings in the middle of the strip, which is at ten centimeters, to
determine the density for that strip.
Placing a 95% confidence interval on the data from Table 1 re
sults in an average density reading of 1.39 with a range of plus or
minus .05. The conclusion for this series of tests is, when placing
3cm3 of ink on the IGT, and pulling a print at 30 kilograms of pres
sure; a density of from 1.34 to 1.44 can be predicted with 9% confi
dence, for the specific ink and paper involved.
The next step is to develop a technique in using the IGT, which
would cause minimum variation across each strip, and from strip to
strip. The manufacturer of the IGT states that the Inking Device has
been devised in such a way that once a given quantity of ink has been
deposited, exactly one half of this quantity will be left on the Ink
ing Device if the front (larger) roller is washed, while the remaining
ink is left on the unit.
If this method works, it would lend itself to more consistent
results, since fewer wash ups and inkings would be required from test
to test. Hence, the test procedure is to place a given quantity of
ink on the Inking Device, pull a print, wash up 'only the front roller,
17
let the remaining ink redistribute on the Inking Device for four min
utes and pull another print.
Since an average for .3cm3 of magenta ink at 30 kilograms of pres
sure has already been established, it was decided to start with
1.2cm--
of ink for the first print, wash up the front roller only leaving
,6cHt-
of ink, from which another print will be taken, wash up the front roll
er once more leaving .3cm3 of ink, from which a final print will be
pulled.
The density of the .3cm3 strip printed by this method is then com
pared to the calciliated range from the prior series of tests. The re
sults are as follows:
Table 2. Test of Wash Up Method.
Middle of
Strip Density
Test number 7 at 1.2cm3 2.22
Test number 8 at 0.6cm3 1.92
Test number 9 at 0.3cm3 1.38
The above data shows that the strip pulled at .3cm3 falls into
the calculated range, and therefore verifies the method outlined for
inking the tester.
Next a series of tests are run using the wash up method just
described to see if repeatability of results could be achieved. Tests
at 1.2cra3, ,6cm3 and .3cm3 of ink are run to see if all the strips at
the .3cm3 fall into the previously calculated range. The beginning,
middle, and end strip densities are given for comparison with a later
series of tests.
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Test number 10 at 1.2cm3
Test number 11 at 0.6cm3
Test number 12 at 0.3cm3
Test number 13 at 1.2cm3
Test number 14 at 0.6cm3
Test number 15 at 0.3cm3
Test number 16 at 1.2cm3
Test number 17 at 0.6cm3
Test number 18 at 0.3cm3
Test number 19 at 1.2cm3
Test number 20 at 0.6cm3
Test number 21 at 0.3cm3
The above data shows that the four strips at .3cm3 of ink all fall
within the calculated density range for the middle of strip readings.
This series of tests prove conclusively that the wash up method
out-
Note: the above test strips still show a large variation across
their length. Although it has been determined that only middle of
strip density readings will be taken, it would be worth while to min-
imize variation wherever possible.
According to Dr. D. Tollenaar and P. A. H. Ernst's article "Optical
Density and Ink Layer
Thickness," higher printing pressures and slow
uniform speed on the IGT tend to minimize density variations.!
In order to test this conclusion, another series of tests are run
exactly like the last series, except for increasing the printing pres
sure from 30 kilograms to 70 kilograms. If pressure is a factor in
density variation, then less variation across each strip at the higher
pressure would result. It is assumed that the overall density readings
would be higher at the higher pressure.
19
At this point, it was decided to drop the 1.2cm3 inkings for the
purpose of saving time. However, instead of running four complete wash
ups, three separate tests were run, using both sides of the Inking De
vice. In effect, thi3 produced twice the data in one half the time.
Table 4 Tests at 70 Kilograms of Pressure.
Test number 22 at 0.6cm3
Test number 23 at 0.3cm3
Test number 24 at 0.6cm3
Test number 25 at 0.3cm3
Test number 26 at 0.6cm3
Test number 27 at 0.3cm3
Test number 28 at 0.6cm3
Test number 29 at 0.3cm3
Test number 30 at 0.6cm3
Test number 31 at 0.3cm3
Test number 32 at 0.6cm3
Test number 33 at 0.3cm3
^Denotes left side of Inking Device.
The density range using 30 kilograms of pressure for tests 10 thru
21 is 11.5 at 3cm3 and 16.0 at .6cro3. The range in density across
each strip for the above tests 22 thru 33 using 70 kilograms of pres
sure is 8,5 at ,3cm3 and 10.5 at .6cm3. The higher pressure results
in a 30 reduction in density variation across each strip.
It is also noted that a slow uniform printing speed, and the metal
two centimeter forme versus the rubber forme, contributes to more con
sistent results.
At this point, a device and technique has been devised for trans
ferring known quantities of ink onto paper, while achieving desired





















The IGT Printability Tester is operated by hand slowly and uni
formly, at 70 kilograms of printing pressure, taking the density read
ings of each printed strip at its midpoint, which is ten centimeters
from the beginning of the strip.
For the purpose of inking the IGT, an Ink pippette is used to place
a measured quantity of ink onto the Inking Device. The ink is distri
buted for eight minutes before inking the two centimeter metal forme
for two minutes.
The inking and wash up method suggested by the manufacturer of
the IGT is employed to avoid excessive wash ups and r-einkings. When
ever ink is removed from the large roller of the Inking Device, the re
maining ink on the unit is redistributed for four minutes before pull
ing another print.
The technique just outlined will result in the most consistant
application of the IGT for the purposes of this study.
The next question is: What is the density range of each test ink
in terms of their respective ink film thicknesses?
21
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CHAPTER VII
DENSITY EVALUATION OF TEST INKS
The process inks chosen for this study are the standard web offset
proofing inks developed by AAAA, ABP, APA, PERI, MPA and GATF for use
throughout the printing industry. The inks are manufactured by the
Borden Chemical Co., Printing Ink Division. See Appendix A for the ink
specifications. The paper used is 70 lb. Warren Flokote, since it re
presents a typical coated offset sheet.
The first step in evaluating color of the test inks is to deter
mine their optical density at varying ink film thicknesses. The general
shape of such a density curve suggests an exponential relationship.
It has been shown experimentally and theoretically by Tollenaar
and Ernst, that such a density curve follows the general expression
:*
(1) D =- D^ (1
-
e-mx)
D = Density of ink film
x
= Ink film thickness
m
= Rate of density change as
ink film thickness increases
Drnax
= Maximum density an ink film can achieve
Since the above expression contains two constants m and Dj^^,
two independent equations are necessary to establish their values
;2
(2) m = -







= A specified ink film thickness
D]_
= Optical density at thickness x,
X2
= Twice the ink film thickness of
x-
D2
= Optical density at thickness X2
In theory, the entire density curve of an ink can be calculated
by taking the density of two separate prints, one containing twice the
ink film thickness of the other. Once the density and ink film thick
ness of each print are known, this data is used to calculate Dmax
and m, using equations (2) and (3). These two constants will permit
the calculation of an ink's density at specific ink film thicknesses,
by using the general density equation (1)?.
The IGT Printability Tester has proven to be consistant for ap-
pling measured ink film thicknesses onto paper. Also, its Inking
Device lends itself to testing two ink film thicknesses, one twice
the other, by washing the front roller.
Moreover, according to the manufacturer of the IGT, the quantity
of ink placed on the Inking Device tfhen using the Ink Pipette can be
equated to the subsequent ink film thickness of the print. The ink
film thickness in microns equals eight times the ink quantity in cubic
centimeters. This relationship is spelled out in the following table:
Table 5. Relationship Between Ink Quantity and Film Thickness.
Ink Quantity in Ink Film Thickness









Ink Quantuty in Ink Film Thickness







In summary, to calculate the optical density curve of an ink, a
known quantity of the ink is placed onto the Ipking Device, and a print
is pulled as outlined earlier. The front roller is then washed leav
ing one half the original quantity of ink, from which a second print
is pulled. Since the ink film thickness of each print can be equated
to the quantity of ink used and density readings can be taken, all of
the information necessary for the calculation of the inks density
curve would be available.
25
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CHAPTER VIII
COLOR EVALUATION OF TEST INKS
The inks are to be tested in the manner previously described.
Printing pressure is 70 kilograms, when both sides of the Inking Device
are used. The average density of six pairs of printed strips are
from the ratio of .3cm3 and
.6cm3,
which is suggested ratio for the
type of paper used in this study.1
Magenta Ink
Table 6. Magenta Density at .3cm3 and .6cm3.
Green Filter Density
Test number 34 at .6cm3 2.16
Test number 35 at .3cm3 I.58
Test number 36 at .6cm3 2.06
Test number 37 at ,3cm3 1.51
Test number 38 at .6cm3 2.08
Test number 39 at .3cm3 I.54
Test number 40 at .6cm3 2.10
Test number 41 at .3cm3 1.54
Test number 42 at .6cm3 2.09
Test number 43 at .3cm3 1.59
Test number 44 at .6cm3 2.08
Test number 45 at .3cm3 1.59
The average density taken at the midpoint of the six .3cm3 strips
is 1.55, while the average density of the six ,6cm3 strips is 2.08.
Therefore, the data needed to compute the magenta ink density curve is:
Xt- = 2.4 microns (.3cm?)
*2









These m and D--- quantities are plugged into the density equation
at varying ink film thicknesses, which results in the following table:

















In order to verify the above, another series of prints are pulled
at varying ink film thicknesses to be compared to the predicted values:
Table 8. Comparison of Actual to Predicted Green Filter Densities for
Magenta Ink.







.6 cm3 2.14 2.08
1.2 cm3 2.38 2.33
Although the predicted values are very close to the actual values,
it was decided to compute three separate curves using a .15cm3/.3cm3
ratio and a ,6cm3/l.2cra3 ratio, together with the .3cm3/.6cm3 ratio.
When the three curves thus produced are connected to each other a
more accurate overall curve is produced.
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The necessary information for performing this is as follows:
Average Magenta Green Filter Density at .15cm3= 1.01
Average Magenta Green Filter Density at .3 cm3 = 1,55
Average Magenta Green Filter Density at .6
cnt-
=2.08















After the appropiate calculations are made, the resulting curves
are grafted onto one another, and the results are follows:
Table 9 Modified Magenta Green Filter Density Curve.
Ink Quantity in













If the yellow and blue filter density readings are taken from the
same test strips used for the green filter readings, the predicted
density value for each filter at any ink film thickness will be known.
The GATF formulas for evaluating color characteristics of process inks
could then be employed to evaluate the ink over its entire density
range.
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The same prints read by the green filter are now read using the
yellow and blue filters of the densitometer. The average densities
are as follows:
Table 10. Yellow and Blue Filter Readings of Magenta Ink.
Ink Quantity in Blue Filter Yellow Filter




The computed data from the blue filter readings is:
Ratio .15cm3/.3cm3 : m = .605; Dm^
= 1.20




Ratio .6 cm3/l.2cm3 : m = .127; Diaajr
= 2.98
The computed data from the yellow filter readings is:
Ratio .15cm3/.3cm3 : m = .858; ^y.
=
.22





Ratio .6 cm- /l.2cm3 : m = .199; D^
=
.42
Once all of the calculations are made, three density curves are
produced for magenta ink as measured by each filter. These predicted
values can then be used to calculate the GATF process ink color char
acteristics for Hue Error, Grayness, and Efficiency from pages eight
and nine. All of the calculations are summarized in Table 11. See
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The same procedures are followed for determining the density
curves and color characteristics of the cyan test ink. The average
filter densities read from test strips printed on the IGT are:






.15 .15 .33 .80
.3 .21 .50 1.42
.6 .29 .67 1.92
1.2 ,38 ,88 2.18
The computed constants for calculating the density curves are:
Blue Filter-
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Table 14. Average Yellow Ink Densities at Predetermined Ratios of Ink
Quantity.
Ink Quantity in Average Filter Readings
Cubic Centimeters Blue Green Yellow
.15 .79 .09 .04
.3 1.08 .10 .04
.6 1.33 .13 .05
1.2 1.48 .05
The computed constants for calculating the density curves are:
Blue Filter-
















































= 0.0 ; Dmax
=
.05
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FOOTNOTES FOR CHAPTER VIII
D. Tollenaar, A. J. 77. Swserman, G. Blokhuis and L. A. Gastel,
"Printing Blackness as a Characteristic for Paper
Quality,"
Stichting




Theoretically, by using Tables 11, 13 and 15 the result of any
combination of the tests inks can now be predicted at specified ink
quantities. The sum of each filtered density is all thats required.
Assuming trapping is tinder control, two color overprints using
different sequences can be made and compared to the predicted results.
If sequence affects the color characteristics of a set of process inks,
a change in sequence will cause different results when the overprints
are read by a densitometer.
If the IGT could produce overprints so that the single color of
each ink could be read, in addition to their combined densities, a very
accurate method of checking predicted versus actual densities would be
available.
It so happens this can be done by printing the first ink along the
first twelve centimeters of a paper strip, then taking the device off
impression and removing the metal forme. With the printed strip remain
ing on the device, another forme containing the second ink is placed on
the IGT. With impression still off, the strip is moved to a point eight
centimeters from the beginning of the first ink, impression is put on




First Ink (1) I Over(0)print I (2) Second Ink
I I
Figure 4. Diagram of Overprint Strips.
If the density of the first ink is taken from a point just before
the overprint (1), while the density of the second ink is taken just
after the overprint (2), these two values could be added and compared
to the density of the overprint at point (0).
It was found through a series of tests that the best trapping




A technique has now been devised for overprinting two inks, chang
ing the sequence, and determining which sequence is preferred. This
is done by comparing actual to predicted density values by calculating













Magenta and Cyan Overprints
An equal quantity of magenta and cyan inks are chosen to be over
printed in the manner outlined. Tables 11, 13, and 15 disclose that
all three inks are highly efficient at ,3cm3.
Table 16. Fredicted Versus Actual Overprints of Magenta and Cyan Inks
at .3cnv-,.
Test number 102 Magenta first down-
Test number 103 Cyan first down-
Test number 104 Cyan first dcm-
Test number 105 Magenta first down-
When cyan ink is printed first the actual values are closer to the
predicted values. However, when magenta ink is printed first the re
sulting overprint is much closer to the ideal blue, at these quantities.
This suggusts that sequence not onl^ affects the overall result, but
can improve it in certain cases.
Another series of tests are run changing one ink's quantity. Ma
genta is at
.3cm3,
-while cyan is at .6cm--,




Hug Grayness Rue Grayness
Test number 106 Magenta first down- 92.0 54.1 74.6 47.9
Test number 107 Cyan first
down- 91.1 54.3 91.7 54.3
Test number 108 Cyan first down- 92.2 54.7 87.5 53.3
Test number 109 Magenta first
down- 89.0 54.6 73.9 47.6
IaZ
Again, the cyan first down tests come closer
to the predicted
values. In this case, ideal blue is approached by changing
the ink
quantities, not the sequence.
Yellow and Cyan Overprints
In a like manner equal quantities of yellow and cyan inks are over
printed at ,3cm3.
Table 18. Predicted Versus Actual Overprints of Yellow and Cyan inks
at .3cm3.
Predicted Actual
Hue Grayness Hue Grayness
Test number 110 Yellow first down- TO> 50.O 50.0 36"7l
Test number 111 Cyan first down- 83.5 41.9 86.3 40.7
Test number 112 Cyan first down- 87.1 40.7 82.4 39.3
Test number 113 Yellow first down- 97.1 43.1 57.3 37.3
The above shows that the two tests with cyan ink first down come
much closer to the predicted values.
Another series of tests are run changing the ink quantities. Yel
low is at
.5cm3,
-while cyan is at ,6cm3.
Table 19. Predicted Versus Actual Overprints of Yellow at ,5cm3and
Cyan at ,6 cm--.
Predicted Actual
Hue Grayness Hue Grayness
Test number 114 Yellow first down- "So72 3575 t&l8 37.6
Test number 115 Cyan first down- 62.0 38.0 61.5 41.4
Test number 116 Cyan first down- 65.6 38.3 63.9 41.6
Test number 117 Yellow first down- 61.7 38.1 45.3 37.9
The same situation occurs, cyan first down comes closer to the
predicted values than yellow first down.
43
Yellow and Magenta Overprints
Equal quantities of yellow and magenta inks are overprinted at
3cm3 each.
Table 20. Predicted Versus Actual Overprints of Yellow and Magenta inks
at .3cm3,
Predicted Actual
Hue Grayness Hue Grayness
Test number 118 Yellow first down- 3X75 11.0 M7l 10.2
Test number 119 Magenta first down- 79.1 12.3 78.8 10.1
Test number 120 Magenta first down- 79.2 10.6 80.5 9.9
Test number 121 Yellow first down- 80.1 11.6 83.6 10.1
The above shows the magenta first down come slightly closer to the
predicted values.
Another series of tests are run changing one of the ink's quantity.
Yellow is at ,5*^7
,
vrhile magenta remains at ,3cm--.
Table 21. Predicted Versus Actual Overprints of Yellow at .5cm3 and
Magenta at .3oik.
Predicted Actual
Hue Grayness Hue Grayness
Test number 122 Yellow first down- 72.3 10.1 71.6 1C.1
Test number 123 Magenta first down- 71.7 9.5 71.2 9.6
Test number 124 Magenta first down- 73.9 9.7 70.8 9.1'
Test number 125 Yellow first down- 70.5 10.2 68.5 8.9
In this case it doesn't seem to make any difference which ink is
printed first. In terms of sequence magenta and yellow can be inter
mixed, with a slight
preferrence for magenta first down.
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Summary
The various tests show that colors come closest to predicted when:
Cyan is under Magenta
Cyan is under Yellow
Magenta is under Yellow
It now becomes evident that the preferred color sequence for this
set of inks is:




A diverse combination of techniques, formulas and tools have been
brought together to quantitatively determine the proper press sequence
for a specific set of process inks on a specified type of paper. By
employing an IGT Printability Tester, a densitometer and various math
ematical formulas for an ink' s Density Range, Hue Error, Grayness raid
Efficiency characteristics; the predicted values for any overprints
of the inks, at specified ink quantities may be predicted.
The predicted values can be compared to the actual values to deter
mine which sequence comes closest to predicted. In this way the pre
ferred color sequence can be determined, and has been quantitatively
found to be: Cyan, Magenta and Yellow, for this set.
However, depending on the ink quantities involved, in certain
cases changes in this sequence can bring about more desirable over
all results. This occurs when predicted values are far from ideal
colors; and a change in sequence, although far from the predicted values,
may cause the overall colors to come closer to
the ideal.
The critical ink, in terms of sequence, for this study is cyan.
The magenta and yellow overlays give more or less consistant results
regardless of sequence. However, whenever cyan ink is employed it must
be first down or results are far from predicted.
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The process inks used for this study are Levey-Borden proofing
inks number 51-5001CP- They have been accepted as the standard proof
ing inks for web offset by the: Magazine Publisher's Association,
Photoplatemakers Educational and Research Institute, American Plate-
makers Association, Association of Industrial Advertisers, and the
Association of National Advertisers.
The ink formulas as provided by the manufacturer are:


















Offset AAAAARA process Blue 513L50010
11,55% Phthalocyanine Blue G.S.
Pigment Blue 15
Color Index: 74160
1,00% Phthalocyanine Blue R.S.
Pigment Blue 15
Color Index: 74160




Table 22. Ink Tacks As Measured By An Inkometer ?:odel - C46.
Tack Readings By Time Interval
Ink 20 seconds 40 seconds 1 minute 2 minutes
Cyan 2X75 2(U^ 19.6 19.2
Magenta 20.6 20.3 20.1 20.1
Yellow 14.4 14.4 14.4 14.4
Speed - 1200 rpm










Wave Length in Millimicrons





The following equipment was used for this study:
IGT Printability Tester Model A-2
Macbeth Rd-514 Densitometer
Inkometer Model C-46







Take as a sample calculation magenta ink's optical density from
green filter readings at .3cm3 and .6cm3j
3ca? average density is 1.55, while .6cm3average density is 2.08;
see page 26.
From Table 5 on pages 23 and 24, of ink will result in 2.4
microns of ink film thickness, and of ink will result in 4.8
microns of ink film thickness =
To calculate m:
m i- in (D2/Di - 1)
xl
Xi represents the ink film thickness at the lower ink quantity,
which in this case is 2.4 microns, Dj represents the density at this
ink film thickness, which is 1.55* D2 represents the density at the
higher ink quantity which is 2.08. Therefore:
m L. m (2.08/1.55 - 1)
2.4
m - -.4167 In (1.3419 - 1)
m - -.4167 In (.3419)




.447 (see page 28 Ratio .3cm3 /.6cm3)
To find Duiax the same data is used. In this case Dn represents




















At this point, the density at any ink quantity can be calculated.
For example, the density at .5cnr is:
D = U (1
~ -BX)
X represents the ink film thickness at .5cnr , which is 4*0 microns.
Therefore:
D = 2.36 (1 - e""'447
time3
4*)
D =- 2.36 (1 - e"1*?88)
5S
D - 2.36 (1 -.1673)
D - 2.36 (.8327)
D = 1.97 (see Table 11, green filter reading, page 30)
Various ink film thicknesses are subsitituted into the above for
mula resulting in the predicted density curve of the ink over its
entire density range, see Figure 1 on page 31.
Hue Error:





To calculate the Hue Error of magenta ink at .lcm3_ the low, mid




Hue Error = ~-~ X 100
74 - 11
Hue Error = 55.6 (see Table 11 at .lcm-)
Grayness:





Grayness = ~- X 100
74
59
Grayness = 14.9 (see Table 11 at .1cm-)
Efficiency:
Using the same density readings once more:
Efficiency
= 1 - ---*-
*H
Efficiency - 1 -
I21 +
'& X 100 .
2(.74)
Efficiency = 1 -.3851 x 100
Efficiency




This study was conducted under laboratory conditions, using strict
controls. This was done to keep the normal press variables from dis
torting the results.
However, it is these very variables the printer must contend with.
As stated earlier in this study, trapping, ink tack and the ink film
thickness of each color have a great deal to do with affecting color
rotation.
The printer can get the necessary data by printing color bars on
the press sheet, and using a densitometer to take readings of them.
The readings should be taken after proper ink levels have been reached.
By comparing the two color overprint density readings to the single
color density readings, approximate predicted versus actual Hue Error
and Grayness factors can be computed. If the predicted values are close
to the actual values, the proper rotation for that job is being used.
In this case, if colors visually do not match, a change in sequence
maybe indicated; as the required inking levels for that job necessitate
a change in rotation.
Assuming there are no known conditions present to cause a change,
this study suggests the offset printer using standard color inks should
start the job with the cyan, magenta, yellow rotation. If the press
variables are reasonably under control, and the- desired color matches
have not been achieved, check the density readings as outlined.
